The effects of an enzyme preparation on the performance and carcass characteristics of broilers fed diets based on maize, wheat, hulled barley (Bedford) or micronized dehulled barley (MDB) {Bedford) diets were evaluated. A commercial enzyme containing (3-glucanase and xylanase was used. One thousand and nine hundred-twenty one-day-old broiler were used for this study. The broilers fed the MDB diets had a lower average daily gain (ADG) (PO.05) and lower average daily feed intake (ADFI) (PO.05) than the broilers fed the other diets. There was a significant period x grain interaction (PO.05) for ADG with the broilers on the barley diets performing better in the grower phase. The broilers received enzymes showed an enzyme x period interaction with the feed conversion rate (FCR) of those birds in the starter phase doing better (PO.05) than in the grower phase compared to those fed the unsupplemented diets. The birds fed MDB diets had higher digesta viscosity than birds fed unprocessed barley, maize or wheat diets (PO.01). Feed enzyme addition to the MDB diet caused a decrease (PO.01) in the digesta viscosity by 49% and an improvement (PO.05) feed conversion ratio (FCR) both for the starter and the grower phase.
INTRODUCTION
Cereal grains are major source of energy in livestock diets. The amount of energy available to the animal from the cereal is influenced by the amount and the amount and type of cell wall polysaccharides. Mixed-linked (3-glucans are the predominant non-starch polysaccharides (NSP) in barley, while arabinoxylans are the mainNSP in wheat (Schulze et al., 1996) . This NSP creates a viscous environment in the intestinal tract of broilers, and results in reduced nutrient utilisation. Birds fed hull-less barley appears to have a higher viscosity than hulled barley (Classen et al., 1985) . Poorer nutritive value of hull-less barley may be related to its high content of water-soluble (3-glucans (Newman and Newman, 1987) and high viscosity compared with hulled barley (Rotter et al., 1989) . Although much research has indicated that the anti-nutritive properties of barley and wheat can be overcome by the addition of NSP-degrading enzymes in the diet (Hesselman and Aman, 1986; Bedford and Classen, 1992) , no research for broiler growth performance by enzyme addition to micronized barley have been reported in the literature (Preston, 1997) . The objective of this study were to compare the reaction of birds fed diets based on unprocessed hulled barley or micronized dehulled barley, supplemented vs unsupplemented with enzymes. Diets based on wheat and maize were used as control.
MATERIAL AND METHODS

Experimental diets
Dietary treatments differed by the grain type used, and each grain was fed with or without enzyme supplementation (Tables 1 and 2 ). The grains used were maize, wheat, hulled barley {Bedford) and micronized dehulled barley (MDB). To prepare the MDB, the same batch of barley was dehulled and moistened to 22% and then micronized on the table of the WestCan Micronizer vibrating at a frequency of 1200 million megacycles for 45 sec at a temperature of 103°C. A commercial enzyme Avizyme 1100, in a dose lg/kg of diet, that contains (5-glucanase, xylanase and protease activities, provided by Finnfeeds International Ltd. was used.
The feed was fed in a crumbled form and available ad libitum from selffeeders. All diets were formulated to be close to isoenergenic, lysine, methionine and threonine. Diets containing about 230 g kg -1 crude protein (CP) and 2942 kcal kg' 1 metabolisable energy (ME) were fed for 20 days and diets containing about 200 g kg" 1 CP and 2830 kcal kg" 1 ME were fed for the last 20 days.
Water was available free choice for all birds. All diets met or exceeded the nutrient requirements of the National Research Council (1988) for poultry. 
Experimental animals
One thousand nine hundred-twenty one-day-old commercial broiler chickens were randomly divided to pens with 60 birds in each pen, 8 dietary treatments with 4 pens per treatment (Table 1) .
Data collection
Body weight and feed consumption were recorded at 20 and 40 days of age corrected for mortality and used to calculate average daily gain (ADG), average daily feed intake (ADFI) and feed conversion rate (FCR). Viscosity measurements were taken at day 20 of age on five randomly selected birds per pen. The birds 496 ENZYME SUPPLEMENTATION OF CEREAL DIETS FOR BROILERS in supplemental diets 1 g/kg of enzyme substituted equal amount of cereal grain 2 constant components per kg of diet: limestone 7.8; dicalcium phosphate 9.7; iodized salt 1.9; manganese 50 mg; zinc 27 mg; iron 80 mg; copper 80 mg; iodine 1 mg; selenium 0.1 mg; vitamin A 12400 Iu; vitamin D3 2700 Iu; vitamin E 20 mg; thiamin 3.25 mg; riboflavin 4.5 mg; niacin 14 mg; calcium pantothenate 9 mg; chorine 315 mg; pyridoxine 2 mg; folic acid 1.2 mg; biotin 150 mg; vitamin B12 15 mg 3 as in Table 1 were killed and the contents of the ileum of each selected bird was collected and centrifuged. The supernatant was pipeted off, and the viscosity measurement was taken twice for each sample using a Brookfield digital plate viscometer (Model DV-II) (Veldman and Vahl, 1994) . Random selection of birds for carcass evaluation occurred at 40 days of age. Fourteen birds, half of male and half of female per treatment, were killed and carcass weight, dressing percentage (hot and chilled), abdominal fat and breast filet yield were estimated.
Chemical and statistical analysis
Feed samples were ground in a Testator cyclone 1093 sample mill (Hoganas, Sweden). Dry matter, crude protein, calcium and phosphorus were determined ac-497 cording to AO AC (1990). Gross energy was determined by using an adiabatic oxygen bomb calorimeter (Parr, model 1241).
Average daily gain, average daily feed intake, and feed efficiency were analyzed by analysis of variance using the General Linear Modeling (GLM) in the Statistical Analysis System (SAS Institute Inc, 1988) . This experiment was a completely randomized design, with a 4 x 2 factorial arrangement of treatments, in which animals were randomly assigned to one of the four grains, and with or without enzyme supplementation. This was further split by period.
Differences between means were compared using the Student-Neuman-Keuls (SNK) method at a significance level of PO.05 (Snedecor and Cochran, 1967) .
RESULTS AND DISCUSSION
Overall performance
The overall performance of the broilers is given in Table 3 . The broilers fed the MDB diets had a lower ADG (PO.05) and ADFI (PO.05) than the broilers fed the maize, wheat or unprocessed barley diets. The possibility that difference between groups might be caused by difference in chemical composition of diets, e.g. the crude protein in the starter and grower diets of the MDB diet were 4 and 20% lower, respectively, than that in the maize diet, although the levels of lysine, methionine, threonine and ME were almost the same between the groups (Tables  1 and 2 ). Another possibility that the difference might be due to different nutrition utilisation between the cereals. For example, the viscosity that occurs due to the gelatinized starch produced by micronization may affect the absorption of nitrogen and carbohydrate (Hesselman and Aman, 1986 ), which will be discussed later in this paper. There were no differences (P>0.05) in the overall FCR between the cereal grain diets. Although there was no significant enzyme effects (P>0.05) in the overall performance of the broilers, there was a significant grain x enzyme interaction (PO.05) for the FCR with a better performance for the enzyme addition diets. The broilers fed the wheat, maize or hulled barley diets without enzyme had higher ADG of 4.8, 4.5 and 3.6%, respectively (P>0.05), compared to those fed the MDB without enzyme diet. The broilers fed MDB without enzyme diet had a 3.5% decrease in the ADG compared to those fed the hulled barley without enzyme diet. This is similar to the 3.5% difference of the overall grain effect with the ADG between the broilers fed MDB or hulled barley diets. 
Effect x period interactions
The results of Table 4 showed that there was a significant period x grain interaction (PO.05) for ADG with the broilers on the unprocessed barley diets performing relatively better in the grower phase than in the starter phase. There was also an enzyme x period interaction (PO.05), with the broilers fed enzymes doing better in the starter phase than in the grower phase compared to those broilers fed the non-supplemented diets. A grain x enzyme x period interaction (PO.05) occurred with the broilers fed the MDB with enzyme diet having a better FCR in the both starter and grower phases than those fed the MDB without enzyme diet. Similar to the results of MDB diet, the broilers fed the unprocessed barley with enzyme diet in the starter phase had a better (PO.05) FCR than that of the without enzyme addition diet, but there was no grain x enzyme interaction effect for the grower phase. The low productive value of unsupplemented barley when fed to broiler chickens has been attributed to (3-glucans, which causes highly viscous conditions in the small intestine and interferes with nutrient absorption (Burnett, 1966) . The FCR of the broilers fed MDB with enzyme diet was 3.4 and 4.0% better in the starter phase and grower phase, respectively, compared with the broilers fed the MDB without enzyme diet. However, these responses are much lower than those reported by Brenes et al. (1993) , who reported a marked improvement in feed consumption, weight gain, feed conversion and a reduced mortality in birds fed barley-based diets with enzymes. The present study shows enzyme addition did not improve the ADFI and reduce mortality.
Carcass evaluation
A significant difference (PO.05) was seen in the liveweight analysis of the broilers, with the hulled barley diets and the MDB without enzyme diet having lower liveweights than the wheat based diet (Table 5 ). The birds fed the MDB with enzyme diet were 3.7% heavier than those fed the MDB diet without enzyme supplementation. There was also a decrease of 4.4% in the dressed weight of the birds fed the MDB without enzyme compared to those fed the MDB enzyme diet. There was a significant decrease in the dressed weight (PO.05) of birds fed the hulled barley with enzyme or the MDB without enzyme diets compared with the broilers fed the wheat with enzyme diet. The lower dressed weight is expected for the broilers fed the MDB without enzyme diet since these broilers had poorer ADG throughout the study. The breast weight for the birds fed the MDB with enzyme diet was 6.0% higher than those fed the MDB without enzyme diet. 
Viscosity measurements
The results of the viscosity measurements (Table 6) show there were differences in the viscosity of the digesta of the birds fed the various diets (P<0.01). The digesta from broilers fed the hulled barley and the MDB diets showed higher viscosity than those fed the maize or wheat diets. Barley (3-glucans increase the digesta viscosity and thereby decrease the absorption of nitrogen and carbohydrate (Hesselman and Aman, 1986) . The birds fed the hulled barley without enzyme diet had lower digesta viscosity than those fed the MDB diets. The viscosity of the MDB diet without enzymes is very high, which may be explained by the changes the starches undergo during starch gelatinization. Thacker (1999) reported that micronization increased the percentage of gelatinized starch in both grower and finisher pig diet, based on hulless barley, by 22 and 17%, respectively. This would explain the poorer performance of the birds on the MDB diets. It appears that the mechanical dehulling and further processing by micronization increases the gelatinized starch content, and therefore increased the digesta viscosity. This high viscosity product is poorly absorbed in the gastrointestinal tract, and the poor performance of the birds reflects this inability to utilize the diet. An improved FCR for the MDB based diet with enzyme addition might be due to the significantly decreased viscosity in the bird small intestine.
In summary it can be concluded that birds fed a micronized dehulled barley had a lower feed intake and high viscosity in the small intestine, compared to maize, wheat and unprocessed barley diets. Feed enzyme addition can reduce small intestine viscosity and improve feed conversion ratio for the dehulled micronized barley.
